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PDLQJRDORIWKLVVWXG\LVWRDQDO\]HWKHEHKDYLRXURIVWUHDPIORZDWWZRVWDWLRQVORFDWHGLQWKH,YDt5LYHU%DVLQLQWKH
%UD]LOLDQVWDWHRI3DUDQi,WZDVH[DPLQHGZKHWKHUWKHREVHUYHGVWUHDPIORZVVKRZDQ\VLJQDORIFKDQJHLQUHFHQW
GHFDGHVFRPSDUHGWRWKHILUVWGHFDGHVRIWKHGDWDVHULHV+LVWRULFDOUDLQIDOOVHULHVZHUHDOVRDQDO\]HGLQRUGHUWRYHULI\
LIWKHSDWWHUQLQWKHULYHUIORZIROORZVWKHWUHQGVREVHUYHGIRUWKHUDLQIDOO$K\GURORJLFDOPRGHOZDVDSSOLHGLQRUGHU
WRYHULI\WKHUROHRIODQGFRYHUFKDQJHVRQWKHREVHUYHGIORZWUHQGV
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2.1. Study area and its land cover 
7KH,YDt5LYHU%DVLQLVORFDWHGLQWKH3DUDQiRQHRI%UD]LO¶VVRXWKHUQVWDWHV)LJ7KH,YDt¶VVRXUFHLVORFDWHG
LQWKHWHPSHUDWHFOLPDWHVDVVRFLDWHGWRWKHKLJKODQGVVRXWKDQGHDVWRI3DUDQiZLWKRXWH[WUHPHVRIWHPSHUDWXUHDQG
LWVPRXWKLVORFDWHGLQWKHQRUWKZHVWRI3DUDQiDSRUWLRQRIWKHVWDWHQRUPDOO\FODVVLILHGDVVXEWURSLFDOFOLPDWHZLWK
KRWDQGZHWVXPPHUZLWKRXWDYHU\ZHOOGHILQHGGU\VHDVRQ&ROGIURQWVDQGPHVRVFDOHFRQYHFWLYHV\VWHPVKDYHDQ
LPSRUWDQWUROHRQWKHSUHGRPLQDWLQJFOLPDWHFRQGLWLRQVRIWKH,YDt%DVLQ7KHUHDUHVWXGLHVVKRZLQJWKHLPSRUWDQFH
RIWKH6RXWK$WODQWLF&RQYHUJHQFH=RQHDQGODUJHVFDOHFKDQJHVLQVHDVXUIDFHWHPSHUDWXUHDFURVVWKHWURSLFDO3DFLILF
(O1LxR/D1LxD±6RXWKHUQ2VFLOODWLRQ LQPRGXODWLQJWKHVSDWLDOFKDUDFWHULVWLFVRIH[WUHPHSUHFLSLWDWLRQRYHU WKH
QHDUE\DUHDVRIWKHEDVLQ>@


)LJ/RFDWLRQDQGWRSRJUDSK\RIWKH,YDt5LYHU%DVLQ
7KH,YDt5LYHU%DVLQHQFRPSDVVHVDQDUHDRINP,QWKHSDVWWKHDUHDZDVFRYHUHGE\RPEURSKLORXV
KLJKUDLQIDOOWROHUDQWPL[HGIRUHVWDOVRNQRZQDVWKH6RXWK$PHULFDQ$WODQWLF)RUHVWDGHQVHIRUHVWZLWKRQHRI
WKHPRVWULFKELRORJLFDOGLYHUVLW\LQWKHZRUOG,QWKHXSSHUFRXUVHRIWKH,YDtSDUWRIWKHDUHDZDVFRYHUHGE\WKH
$UDXFDULDDQJXVWLIROLDDOVRUHIHUUHGWRDV$UDXFDULDPRLVWIRUHVWDFRQLIHURXVIRUHVWHFRV\VWHPORFDWHGLQVRXWKHUQ
%UD]LO7KH,YDt%DVLQLVDOVRRQHRIWKHPRVWWKUHDWHQHGDUHDVLQWKHZRUOGZLWKDJUHDWPDMRULW\RILWVRULJLQDO
IRUHVWFRYHUFKDQJHG,QWKHILUVWKDOIRIWKHWKFHQWXU\PRUHWKDQRIWKH3DUDQi¶VRULJLQDOIRUHVWFRYHUZDV
UHPRYHGE\ORJJLQJSUDFWLFH7KHVFDOHRIGHVWUXFWLRQRIWKHUDLQIRUHVWZDVVRODUJHWKDWWKHSHUFHQWDJHUHDFKHG
 E\  DQGPRUH WKDQ  E\  7KH DYDLODELOLW\ RI FKHDS JRRGTXDOLW\ZRRG FUHDWHG D SDUWLFXODUO\
DWWUDFWLYHPDUNHWIRUVDZPLOOV7KHGHIRUHVWDWLRQSURFHVVZDVIROORZHGSULPDU\E\FRIIHHSURGXFWLRQGXULQJWKH
ILUVWGHFDGHVDIWHUWKHHQGRIWKH6HFRQG:RUOG:DU7KHFRIIHHGRPLQDQFHLQWKHUHJLRQEHJDQWRGHFOLQHZLWKD
GHYDVWDWLQJEODFNIURVWZKLFKUHDFKHGWKHDUHDRQ-XO\)URPWKDWWLPHRQWKH,YDt%DVLQKDVXQGHUJRQH
VLJQLILFDQWFKDQJHVLQODQGXVHZLWKGLUHFWLPSOLFDWLRQVRQWKHULYHUIORZ
2.2. Rain gauge network and stream gauge network 
,YDt%DVLQKDVRQHRIWKHPRVWKLJKGHQVLW\UDLQJDXJHQHWZRUNVRIWKH6RXWK$PHULFDDQGLWZLOOEHXVHGLQWKLV
ZRUN5DLQIDOOGDWDXVHGLQWKLVVWXG\DUHSDUWRIWKH1DWLRQDO:DWHU$JHQF\$1$GDWDEDVHEXWDUHGHULYHGIURP
QHWZRUNVPDLQWDLQHGE\ GLIIHUHQW HQWLWLHV7KHGDWDEDVH KDV  UDLQ JDXJHV LQVLGH ,YDt%DVLQ DSSUR[LPDWHO\ DQ
DYHUDJHGLVWDQFHRINPEHWZHHQVWDWLRQV+RZHYHUVRPHVWDWLRQVDUHGLVDEOHGDQGRWKHUVZHUHLQVWDOOHGUHFHQWO\
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ZKLFKPDNHVWKHGDLO\UDLQIDOOVHULHVKDYLQJPHDVXUHPHQWVDWGLIIHUHQW WLPHSHULRGV7RHQVXUHWKDW WKHGDWDZHUH
UHSUHVHQWDWLYHRIDFOLPDWRORJLFVHULHVLWZDVVHOHFWHGIRUDQDO\VLVRQO\VWDWLRQVZLWKDWOHDVW\HDUVRIPHDVXUHPHQW
ZLWKLQ WKHSHULRG±ZLWKDW OHDVWRIGD\VRIPHDVXUHPHQWHDFK\HDU7KXVUHPDLQLQJVWDWLRQV
FXUUHQWO\LQRSHUDWLRQRIZKLFKZHUHLQVWDOOHGEHWZHHQDQGROGHUVWDWLRQVDQGVWDWLRQVLQVWDOOHG
EHWZHHQDQG\RXQJHUVWDWLRQV&RQVLGHULQJWKLVSLFWXUHLWZDVVHOHFWHGIRUDQDO\VLVWKHUDLQJDXJHV
ZLWKJRRGTXDOLW\GDWDDYDLODEOHIRUWKHSHULRG±7KHWUHQGZDVFDOFXODWHGEDVHGRQDOLQHDUWUHQGOLQHILWWLQJ
XVLQJOHDVWVTXDUHVUHJUHVVLRQDQDO\VLVRIWKHGDLO\SUHFLSLWDWLRQDVIXQFWLRQRIWLPH7UHQGVZHUHRQO\FDOFXODWHGIRU
WKHVHOHFWHGUDLQJDXJHV
,YDt5LYHUEHJLQLQDQXSODQGDUHDDQGIORZGRZQNPXQWLOLWUHDFKHVWKH3DUDQi5LYHU'XULQJWKHFRXUVHLW
UHFHLYHVZDWHUIURPDGUDLQDJHEDVLQZLWKGLIIHUHQWIHDWXUHVZKLFKFDQLPSDFWGLIIHUHQWO\RQLWVVWUHDPIORZWUHQGV
)RUWKHVWUHDPIORZVHULHVWKUHHPRQLWRULQJSRLQWVZHUHVHOHFWHGZKLFKKDGWKHORQJHVWGDWDVHWVRQHRIZKLFKORFDWHG
LQWKHKLJKHVWSDUWRIWKHEDVLQDVHFRQGRQHLQWKHXSSHUPLGGOHFRXUVHRIWKH,YDtDQGWKHWKLUGRQHQHDUHVWWKHPRXWK
7KHUHDUHPDQ\VWUHDPJDXJHVLQWKH,YDt5LYHUEXWRQO\WKUHHRIWKHPKDYHGDWDDYDLODELOLW\IRUWKHSHULRG±
$OOPHDQVWUHDPIORZDQGWUHQGVZHUHFRPSXWHGEDVHGRQPRQWKO\IORZUDWHV
2.3. Hydrologic modeling 
+\GURORJLFDOPRGHOVUHSUHVHQWDQLPSRUWDQWWRROIRUWKHVWXG\RIVPDOODQGPHGLXPVL]HGEDVLQV7KH\KDYH
SURYHQWREHHIIHFWLYHLQRUGHUWRH[DPLQHWKHHIIHFWVRIODQGFRYHUFKDQJHVRQVWUHDPIORZ,QWKLVVWXG\DODUJH
VFDOHGLVWULEXWHGK\GURORJLFDOPRGHOQDPHG0*%,3+>@ZDVDSSOLHGLQRUGHUWRHYDOXDWHWKHUROHRIFKDQJHLQ
ODQGFRYHURQVWUHDPIORZ7KHPRGHOFRPSULVHVSDUDPHWHUVUHODWHGWRSK\VLFDOFKDUDFWHULVWLFVRIDULYHUEDVLQ
LQFOXGLQJ VRLOYHJHWDWLRQ ODQGXVH WRSRJUDSK\DQGKDVEHHQXVHG LQ VHYHUDOPLGGOHDQG ODUJH ULYHUEDVLQV LQ
%UD]LO7KHGUDLQDJHEDVLQ LVGLYLGHG LQXQLWVRIDUHDFHOOV LQWHUFRQQHFWHGE\FKDQQHOV)RUHDFKXQLWRQHRU
PRUHFODVVHVRIYHJHWDWLRQDQGODQGXVHFDQEHFRQVLGHUHGDQGWKHK\GURORJLFDOFODVVLILFDWLRQRIDOODUHDVZLWKD
VLPLODUFRPELQDWLRQRIVRLODQGODQGFRYHULVGHQRPLQDWHGK\GURORJLFDOUHVSRQVHXQLW7KHVRLOZDWHUEXGJHWIRU
H[DPSOHLVFRPSXWHGIRUHDFKUHVSRQVHXQLWDQGWKHQVXPPHGDQGURXWHGWRWKHULYHUQHWZRUN7KHVRLOZDWHU
EXGJHW LQHDFKXQLWRIDFHOOUHVXOWVIURPWKHVXPRI WKHIROORZLQJFRQWULEXWLRQDW WKHHQGRI WKH WLPHVWHSLQ
JHQHUDOGD\WKHUDLQIDOOWKDWUHDFKHVWKHVRLOWKHHYDSRWUDQVSLUDWLRQWKHVXUIDFHUXQRIIWKHVXEVXUIDFHIORZ
DQGWKHIORZWRJURXQGZDWHUUHVHUYRLU
'LJLWDOHOHYDWLRQPRGHOVZHUHREWDLQHGIURPWKH6KXWWOH5DGDU7RSRJUDSK\0LVVLRQ6570IUHHO\DYDLODEOHDW
KWWSZZZMSOQDVDJRYVUWP ZKLOH PDSV RI VRLO W\SH ZHUH REWDLQHG IURP ,QVWLWXWR GH 7HUUDV &DUWRJUDILD H
*HRFLrQFLDV,7&*DYDLODEOHDWKWWSZZZLWFJSUJRYEU/DQGFRYHUFODVVLILFDWLRQZDVEDVHGRQ02',6VHQVRU
DQGPHWHRURORJLFDOGDWDZHUHSURYLGHGE\WKH%UD]LOLDQ1DWLRQDO:DWHU5HVRXUFHV$JHQF\$1$,QWKLVODVWFDVH
PHWHRURORJLFDOFRQGLWLRQVDUHSUHVFULEHGIRUHDFKJULGFHOOEDVHGRQLQWHUSRODWLRQRIQHDUE\PHDVXUHPHQWVWDWLRQV
7KHPHWHRURORJLFDOYDULDEOHVLQFOXGHDLUWHPSHUDWXUHVRODUUDGLDWLRQZLQGVSHHGSUHFLSLWDWLRQUHODWLYHKXPLGLW\DQG
DWPRVSKHULFSUHVVXUH
5HVXOWVDQG'LVFXVVLRQ
3.1. Spatial and temporal rainfall trends 
7KHDYHUDJHUDLQIDOOIRUWKHUDLQJDXJHVLQWKHDQDO\]HGSHULRG±ZDVPPGD\&,
±DVFDQEHVHHQLQ7DEOH7KHDYHUDJHUDLQIDOOLQFUHDVHVDVWKHUDLQJDXJHVDUHIDUWKHUDZD\IURPWKHPRXWK
RI,YDtUDQJLQJIURPPPGD\IRUWKHVWDWLRQVORFDOL]HGLQWKHILUVWIHZWHQVRINPWRPPGD\IRUWKRVH
VWDWLRQVORFDOL]HGQHDUHVWWRWKHVRXUFH/LQHDUWUHQGVFDOFXODWHGIURPPRQWKO\DQG\HDUVDYHUDJHVE\XVLQJWKH
OHDVWVTXDUHVHUURUPHWKRGGRQRWVKRZDGHILQLWHWUHQGRIYDULDWLRQLQDYHUDJHSUHFLSLWDWLRQIRUWKHVWXGLHGSHULRG
7KHDYHUDJHWUHQGRILQFUHDVHDVVKRZQLQ7DEOHVKRXOGEHFRQVLGHUHGZLWKFDXWLRQEHFDXVHDVOLJKWUHGXFWLRQ
RULQFUHDVHLQWKHSHULRGDQDO\]HGPD\HYHQLQYHUWWKHVLJQRIWKHWUHQG+RZHYHUWKHUHLVDVOLJKWLQFUHDVHIRUWKH
VWDWLRQV SODFHG QHDU WKH VRXUFH DQGPRXWK DQG D VOLJKW UHGXFWLRQ IRU VWDWLRQV SODFHG LQ WKH LQWHUPHGLDWH DUHDV
$OWKRXJKFRPSDUDWLYHO\WKHODVW\HDUVRIWKHVHULHVSUHVHQWDKLJKHUDYHUDJHUDLQIDOOWKHLUWUHQGLVRIVKDUSGHFOLQH
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PDLQO\FORVHWRLWVVRXUFHDQGPRXWKZKLFKPDNHVDQRWDFOHDUVLJQIRUWKHREVHUYHGORQJWHUPVHULHV7KHDYHUDJH
UDLQIDOOLVKLJKHULQWKHVXPPHUPRQWKVDQGVLJQLILFDQWO\ORZHULQWKHZLQWHUPRQWKV
7DEOH6HDVRQDOPHDQUDLQIDOOUDWHVDQGRIUDLQ\GD\VIRUWKHSHULRG±
 ± 7UHQGSHUGHFDGH 6HS1RY 'HF)HE 0DU0DL -XQ$XJ
0HDQUDLQIDOOUDWHPPGD\      
RIUDLQ\GD\V      
RIUDLQ\GD\VPP      
RIUDLQ\GD\V!PPDQG
PP
     
RIUDLQ\GD\V!PP      

7KHDYHUDJHSHUFHQWDJHRIUDLQ\GD\VZDV&,ZLWKWKHKLJKHVWYDOXHVEHLQJIRXQGLQWKH
ZDUPPRQWKVUHDFKLQJLQWKHVXPPHUPRQWKVDQGWKHORZHVWYDOXHVIRUWKHFROGPRQWKVIRUWKH
ZLQWHUPRQWKV7KHUHLVQRXQLIRUPLW\LQWKHVSDWLDOGLVWULEXWLRQRIWKHSHUFHQWDJHRIUDLQ\GD\VUDQJLQJIURPDERXW
QHDUWKHPRXWKWRPRUHWKDQLQWKHVWDWLRQVORFDOL]HGQHDUWKHULYHU¶VVRXUFH7KHVSDWLDOYDULDWLRQLVGHILQHG
PDLQO\E\VWDWLRQVORFDWHGLQWKHPLGGOHRIWKHEDVLQRQFHLWLVREVHUYHGOLWWOHYDULDWLRQLQWKHVWDWLRQVORFDOL]HGLQWKH
ILUVWWHQVRINPQHDUVRXUFHDQGPRXWK,QWHUPVRIORQJWHUPWUHQGVDQDYHUDJHUHGXFWLRQLVREVHUYHGRIDERXW
SHUGHFDGHLQWKHRIUDLQ\GD\VGXULQJWKHDQDO\]HGSHULRG
7KHSHUFHQWDJHRIUDLQ\GD\VZLWKOLJKWUDLQIDOOHYHQWVOHVVWKDQPPGD\ZDV&,DQG
LVKLJKHULQFROGHUPRQWKVWKDQLQZDUPHUPRQWKVDQGVOLJKWO\KLJKHUQHDUWKHVRXUFHDQGPRXWKWKDQLQLQWHUPHGLDWH
DUHDVRIWKHEDVLQ7KHFDOFXODWHGYDOXHVLQGLFDWHDGRZQZDUGWUHQGRYHUWKHDQDO\]HGSHULRGZLWKWKHPRVWVLJQLILFDQW
GLIIHUHQFHVEHLQJIRXQGDVWKHVWDWLRQVDUHFORVHUWRWKHPRXWK7KHEHKDYLRXULVUHYHUVHGLQUHODWLRQWRWKHSHUFHQWDJH
RI WKHUDLQLHVWGD\VZLWKHYHQWVUDQJLQJIURPPRGHUDWH WR LQWHQVHEHWZHHQDQGPPGD\ ,Q WKLV UDQJH WKH
YDOXHVUHSUHVHQW&,RIUDLQ\GD\VDQGVKRZDWUHQGRISHUGHFDGH,QWKLVFDVHWKH
ORZHVWSHUFHQWDJHVZHUHREVHUYHGQHDUWKHPRXWKDQGVRXUFHDQGKLJKHUYDOXHVZHUHREVHUYHGLQWKHLQWHUPHGLDWH
DUHDVRIWKHEDVLQ7KHGLIIHUHQFHEHWZHHQWKHILUVWDQGODVW\HDUVRIWKHDQDO\]HGVHULHVZKLFKLVSUDFWLFDOO\QXOOIRU
WKHUDLQJDXJHVQHDUWKHVRXUFHLQFUHDVHLQRIGD\VIRUWKHPRVWUHFHQW\HDUVIRULQWHUPHGLDWHDQGQHDUWKHPRXWK
DUHDV6LPLODUEHKDYLRXULVREVHUYHGIRUWKHH[WUHPHVHYHQWVDERYHPPGD\&,±ZLWK
YDOXHVUDQJLQJDURXQGDWWKHPRXWKDQGVRXUFHWRDURXQGLQLQWHUPHGLDWHDUHDVRIWKHEDVLQ&RPSDULQJ
WKHHDUO\\HDUVRIWKHVHULHVZLWKWKHILQDO\HDUVLWLVREVHUYHGWKDWWKLVYDOXHKDVLQFUHDVHGE\DERXWSHUGHFDGH
+RZHYHUWKHUHLVDVKDUSULVHQHDUWKHPRXWKDQGPRGHUDWHGHFUHDVHQHDUWKHVRXUFHRIWKHULYHU
3.2. Stream flow trends 
%\FRQYHQLHQFHWKHPDLQULYHUFKDQQHOZDVGLYLGHGLQXSSHUPLGGOHDQGORZHUFRXUVHVDVLGHQWLILHGRQ7DEOH
E\WKHVWDWLRQV7HUH]D&ULVWLQD8EiGR6XODQG1RYR3RUWR7DTXDUDUHVSHFWLYHO\6SULQJPRQWKVUHSUHVHQWWKHSHULRG
RIKLJKHVWVWUHDPIORZUDWHVIRUWKHXSSHUDQGPLGGOHFRXUVHVEXWIRUWKHORZHUFRXUVHWKHSHDNYDOXHLVIRXQGGXULQJ
VXPPHUPRQWKV:KLOHIRU WKHPLGGOHDQGXSFRXUVHV WKHZLQWHUVKRZVVWUHDPIORZUDWHV±KLJKHU WKDQ
DXWXPQIRUWKHORZHUFRXUVHWKHGLIIHUHQFHLVSUDFWLFDOO\QRVLJQLILFDQW)RUWKHPLGGOHDQGXSFRXUVHVWKHVWUHDPIORZ
LVQRWSRVLWLYHO\FRUUHODWHGZLWKWKHVHDVRQDOGLVWULEXWLRQRIUDLQIDOOIRUZKLFKKLJKHUUDWHVZHUHREVHUYHGGXULQJWKH
VXPPHUPRQWKVDQGQRWGXULQJWKHVSULQJDVLQWKHFDVHRIVWUHDPIORZ2QWKHRWKHUKDQGIRUWKHORZHUFRXUVHWKH\
DUHSRVLWLYHO\FRUUHODWHG
6WUHDPIORZWUHQGH[KLELWVSRVLWLYHYDOXHVRYHUDOO WKUHHHYDOXDWHGVWDWLRQVZLWK WKHPLGGOHDQGXSSHUVWDWLRQV
H[KLELWLQJWKHKLJKHVWYDOXHVUHVSHFWLYHO\DQGSHUGHFDGHRILQFUHDVLQJ+RZHYHUWKHORZHUVWDWLRQ
VKRZHGMXVWRILQFUHDVLQJEHWZHHQ±:KHQWKHGDWDVHULHVDUHDQDO\]HGE\VKRUWHUWLPHLQWHUYDOVLW
LVREVHUYHGWKDWWKHUHKDVEHHQDVKDUSLQFUHDVHXQWLOWKHPLGGOHRIVIROORZHGE\DOHVVODVWLQJGHFUHDVHSUHYDLOLQJ
DIWHU6XFKEHKDYLRXUFDQQRWEHH[SODLQHGE\ WKHREVHUYHGPHDQUDLQIDOO WUHQGV WKDWZDV WKHRUGHURI
LQFUHDVHSHUGHFDGH
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7DEOH0HDQVWUHDPIORZIRUGLIIHUHQWVHDVRQDQGVWDWLRQVIRUWKHSHULRG±
0HDQVWUHDPIORZ
PV
'UDLQDJHDUHD
NP ±
7UHQGSHU
GHFDGH 6HS1RY 'HF)HE 0DU0DL -XQ$XJ
7HUH]D&ULVWLQD       
8EiGR6XO       
1RYR3RUWR
7DTXDUD       

7KHLPSDFWRIFKDQJLQJODQGFRYHUZDVHYDOXDWHGE\UXQQLQJWKHK\GURORJLFDOPRGHO0*%,3+LQWKUHHGLIIHUHQW
VFHQDULRV7KHILUVWVFHQDULRZDVGRQHFRQVLGHULQJWKHH[SDQVLRQRIFURSDUHDVIURPDERXWWR7KHVHFRQG
RQHFRQVLGHUHGDOOEDVLQFRYHUHGE\SDVWXUHZKLFKPHDQVLQFUHDVHIURPWKHFXUUHQWWR7KHWKLUGVFHQDULR
UHSUHVHQWVDQLQFUHDVHIURPFXUUHQWIRUHVWFRYHUOHVVWKDQWR,QWHUPVRIPHDQYDOXHVWKHVLPXODWHG
ODQGFRYHUFKDQJHVUHVXOWHGLQDVOLJKWLQFUHDVHRQVWUHDPIORZOHVVWKDQIRUFURSVDQGDQHJOLJLEOHUHGXFWLRQ
IRUSDVWXUH+RZHYHUWKHVFHQDULRRIIRUHVWUHFRQVWUXFWLRQVKRZHGDVWURQJGHFUHDVHRIDERXWRQVWUHDPIORZ
7KHUHVXOWVRISHDNYDOXHVZHUHQRWDQDO\]HGEXWFHUWDLQO\WKLVLVDQDVSHFWWKDWQHHGVWREHLQFOXGHGLQRUGHUWRILQG
DPRUHFRQFOXVLYHUHVXOWDERXWWKHLPSDFWRIODQGFRYHUFKDQJHVRQ,YDt5LYHUVWUHDPIORZ
&RQFOXVLRQ
6XPPDUL]LQJWKHILQGLQJVRIWKLVZRUN

x $OWKRXJK,YDtFDQEHVHHQDVDPHGLXPVL]HGEDVLQLWVKRZHGVWURQJUDLQIDOOVSDWLDOYDULDELOLW\ZLWKWKHODUJHVW
YDOXHVEHLQJIRXQGLQWKHKHDGZDWHURIWKHULYHU
x 7KHUH LVQRWDFOHDUVLJQIRU WUHQGV LQ WHUPVRIDYHUDJHYDOXHVEXWDQ LQFUHDVHZDVREVHUYHG LQ WKHIUDFWLRQRI
H[WUHPHUDLQ\GD\VDQGDGHFUHDVHLQWKHIUDFWLRQRIUDLQ\GD\VDQGGD\VZLWKOLJKWUDLQ
x 6WUHDPIORZVVKRZHGDVLJQLILFDQWLQFUHDVHIRUPLGGOHDQGXSSHUFRXUVHVWDWLRQVEXWVOLJKWLQFUHDVHIRUWKHVWDWLRQ
QHDUHVWWKHPRXWKRI,YDt5LYHU$OWKRXJKUDLQIDOOWUHQGVVKRZHGDVOLJKWLQFUHDVHIRUWKHVWDWLRQVSODFHGQHDUWKH
VRXUFHDQGPRXWKDQGDVOLJKWGHFUHDVHIRUUDLQJDXJHVORFDOL]HGLQWKHLQWHUPHGLDWHDUHDVVXFKEHKDYLRXUFDQQRW
H[SODLQWKHGLIIHUHQFHVREVHUYHGIRUVWUHDPIORZDORQJWKHULYHUFRXUVHHYHQSDUWLDOO\
x 7KHDELOLW\WRVLPXODWHVWUHDPIORZE\XVLQJDK\GURORJLFDOPRGHODQGWHVWK\SRWKHVLVLQRUGHUWRDVVHVVWKHUROH
ODQGFRYHUFKDQJHZDVDOVRFRQVLGHUHG+RZHYHU LW LV LPSRUWDQW WRQRWH WKDW WKHQHZJHQHUDWLRQRIGLVWULEXWHG
PRGHOV>@LVDFRQTXHVWRIODVWGHFDGHV>@DQGFRQVHTXHQWO\ODUJHXQFHUWDLQWLHVUHPDLQRQWKHUHVXOWVRIWKH
VLPXODWLRQ
x $OWKRXJK WKH FDXVDO UHODWLRQVKLS EHWZHHQ WKH REVHUYHG VWUHDP IORZ WUHQGV DQG ODQG FRYHU FKDQJHV LV RSHQ WR
LQWHUSUHWDWLRQDQGQHHGFRPSOHPHQWDU\VWXGLHVWKHUHVXOWVRIWKLVZRUNVKRZHGHYLGHQFHRIODQGXVHFKDQJHVEHLQJ
FRQVLGHUHGDV WKHSRVVLEOHFDXVHIRU WKHVWUHDPIORZ WUHQGVREVHUYHGRQ WKH ,YDt5LYHU+RZHYHU WKHTXHVWLRQ
VHHPVWREHPRUHFRPSOH[DQGWKHH[SODQDWLRQFDQQRWEHIRXQGLQDVLPSOHDVVHVVPHQWRIODQGFRYHUFKDQJHDQG
UHTXLUHVPRUHFRPSOHWHDQGLQGHSWKVWXGLHV

)LQDOO\LWLVLPSRUWDQWWRQRWHWKDWZDWHUVXSSO\LVQHFHVVDU\QRWRQO\WRVXVWDLQK\GURSRZHUSODQWVEXWDOVRWR
WKRVHSODQWVZKLFKGHSHQGRQZDWHUWRSURGXFHELRPDVVDVIXHO>@WKDWLQGLUHFWO\DOVRSURPRWHWKHXVHRIUHQHZDEOH
HQHUJ\DFOHDQHUDQGKHDOWKLHUHQYLURQPHQWGHPDQGRIPRGHUQVRFLHWLHV
$FNQRZOHGJHPHQWV
7KLVZRUNZDVVXSSRUWHGE\1DWLRQDO&RXQFLOIRU6FLHQWLILFDQG7HFKQRORJLFDO'HYHORSPHQW&13T±5HVHDUFK
*UDQW  'DLO\ UDLQIDOO GDWD IRU DOO VWDWLRQV ZHUH NLQGO\ SURYLGHG E\ WKH %UD]LOLDQ 1DWLRQDO:DWHU
$JHQF\
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